gently stirred at 80 ºC for 1 h. After that, 7.8 mL TEOS was quickly poured into the above aqueous solution. The mixture was kept at 80 ºC for 2 h with a high stirring speed of 1000 rpm. The synthetic product (LPMSNs-OH) was isolated by centrifugation and washed several times with water and ethanol. To remove the surfactant CTATos, the precipitate was resuspended in HClethanol (v/v = 3:20) mixed solvent and then subjected to heating reflux at 75 ºC for 24 h. The removal process was repeated twice for efficient surfactant remove. After centrifugation and washing with ethanol, the white precipitate was dispersed in ethanol and stored at 4 ºC. Secondly, epoxysilane functionalization was realized via alcoholysis reaction. Specially, the extracted LPMSNs-OH (100 mg) were refluxed in 100 mL ethanol which contained 3-GPS (120 μL) at 80 ºC for 24 h. The resultant product (LPMSNs-epoxy) was centrifuged, washed and dispersed in water. Thirdly, for PEI grafting, 8 mg LPMSNs-epoxy and 2 mg PEI were added into 6 mL carbonate buffer (50 mM, pH 9.5). After 24 h of stirring, 3 μL ethylenediamine was added and the mixture was stirred for another 5 h. Finally, LPMSNs-PEI were collected by centrifugation and washed thrice with water and dispersed into water for further use.
In situ MnO 2 growth for LPMSNs-MnO 2 . 2 mg LPMSNs-PEI were dispersed into 1 mL water and sonicated for uniform dispersion. Then, 140 μL 1 mg/mL KMnO 4 was added dropwise and brown LPMSNs-MnO 2 were obtained. 2 NPs. MnO 2 NPs were fabricated using short-chain PEI as the reducing agent. Briefly, 8 mL of KMnO 4 aqueous solution (10 mg mL -1 ) was added dropwise into 15 mL of PEI (16 mg mL -1 ) under rapid stirring and the mixture was kept stirring for another 20 min. Later, brown MnO 2 NPs were precipitated using acetone and were isolated by centrifugation. After drying in vacuum, the pellets were subjected to X-ray diffraction measurement.
Synthesis of MnO
Ce6 and AS1411 functionalization for AS1411/Ce6-LPMSNS-MnO 2 . Both Ce6 and AS1411 were covalently linked to LPMSNs-MnO 2 through EDC/NHS coupling reaction. In the case of Ce6 conjugation, 1 mg Ce6, 1 mg EDC and 1.5 mg NHS were dissolved in 1.2 mL DMF for 30 min to activate the carboxyl group of Ce6. The activated Ce6 was then added into LPMSNs-MnO 2 aqueous suspension (0.3 mL, 10 mg mL -1 ) and reacted for 6 h. The unreacted Ce6 was removed by centrifugation and washing to obtain Ce6-LPMSNs-MnO 2 . As for AS1411 modification, 15 μL AS1411-COOH (100 μM) aqueous solution was mixed with EDC (3 μL, 10 mg mL -1 ) and NHS (3 μL, 10 mg mL -1 ), and the total volume was adjusted to 100 μL with water. After 30 min of activation, Ce6-LPMSNS-MnO 2 (100 μL, 1 mg mL -1 ) in DMF was added to the mixture and then gently shaken for 4 h. The AS1411/Ce6-LPMSNS-MnO 2 was then collected by centrifugation and several washing.
Singlet oxygen detection. Singlet oxygen level was measured by the decline of the DPBF absorption at 416 nm following a reported method. 2, 3 AS1411/Ce6-LPMSNs-MnO 2 were first dispersed in 250 μM H 2 O 2 -containing PBS (10 mM, pH 6.5). After 30 min of standing, the mixture was added into 10 μg mL -1 DPBF-containing DMSO solution and exposed to laser irradiation (660 nm, 0.8 W cm -2 ). At the certain points, the absorbance of the solution was recorded by the UV-Vis spectrophotometer.
Cell Culture and in vitro cytotoxicity assay. NIH 3T3 mouse fibroblast (NIH 3T3) and Human cervical carcinoma cells (HeLa) cells were supplied by KeyGen Biotech Co. Ltd. (Nanjing, China) and cultured in Dulbecco's modified Eagle's medium (DMEM) with the addition of 10% fetal bovine serum (FBS), 100 μg mL −1 streptomycin and 100 μg mL −1 penicillin. The cells were then placed in a humidified incubator at 37 °C with a supply of 5% CO 2 atmosphere.
MTT experiments were employed to evaluate the biocompatibility and phototoxicity of the nanomaterials. HeLa cells were seeded in 96-well plates at a density of 5×10 3 cells per well for 24 h, followed by incubation with different nanomaterials for another 24 h. In the study of phototoxicity, a 660 nm laser with a power density of 100 mW cm -2 was applied to irradiate the cells for 10 min. The cells were further cultured for 24 h and then subjected to MTT assay. Briefly, 10 μL of 5 mg mL -1 MTT was added to each well. 4 h later, the medium was substituted with 100 μL of dimethyl sulfoxide (DMSO) to dissolve the formed formazan crystals. The absorbance at 490 nm was then recorded by a Varioskan Flash instrument to assess the viability of the cells.
Confocal fluorescence imaging.
For the study of intracellular O 2 generation from AS1411/Ce6-LPMSNs-MnO 2 , HeLa cells were pretreated with 5 μM [Ru(dpp) 3 ]Cl 2 for 4 h, and subsequently cultured with the nanomaterials for 0 h, 4 h, 18 h and 24 h, respectively. 4 At predetermined points, the cells were rinsed three times with PBS and prepared for imaging. The cells were excited at 488 nm, and the fluorescence emission (600-650 nm) was then collected by a confocal microscope.
In the experiments of detecting the intracellular ROS level, HeLa cells were treated with 20 μg mL -1 AS1411/Ce6-LPMSNs-MnO 2 for 24 h. After rinsing with PBS, the cells were further incubated with 10 μM DCFH-DA for 20 min. Then, the cells were rinsed with PBS and were exposed to laser irradiation (100 mW cm -2 , 10 min). For confocal imaging, the excitation was 488 nm and the emission range was 510-560 nm.
Flow cytometry analysis.
Flow cytometry experiments were carried out to investigate the cellular uptake. Cells were seeded in 6-well plates with a density of 2×10 5 cells per well for 24 h. Then, the medium was replaced with fresh one containing nanomaterials. After culture for 4 h, the cells were harvested, rinsed by PBS, resuspended, and measured by flow cytometry.
Relaxivity measurements of the nanocomplexes. The in vitro T 1 MRI performance of AS1411/Ce6-LPMSNs-MnO 2 was studied on a 3.0 T system. Serial concentrations of the nanomaterials at pH 7.4 or acidic H 2 O 2 (pH 6.5) were prepared for MR scanning. The corresponding parameters were listed as follows: matrices = 384 × 256, TR/TE = 425/16.5 ms, field of view (FOV) = 14 cm × 14 cm and slice thickness = 2.0 mm. . Fig. S9 The diameter of the AS1411/Ce6-LPMSNs-MnO 2 . 
